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Baryon Asymmetry of the Universe

Baryon density Qph?
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Higgs Potential Shape??? EFT or ???
First or second order

SM
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PTGW and collider search

Double Higgs Production
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BSM for EWPT
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Low-scale QCD&Dark PT Xue, Bian*, Shu*, Yuan*, Zhu*, etal, 2110.03096, PRL in press, editor suggestion
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CPV and EDMs

Baryon Asymmetry Collider Searches
v .
Early universe CPV T~ BSM CPV A1 Particle spectrum; also
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CPV and EDMs

Electroweak Baryogenesis
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B violation and sphaleron

The Standard Model already contains a process that violates B-number. It is
known as the electroweak sphaleron (“sphaleros” is Greek for “ready to fall”).
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Sphaleron with GW

xSM & SMEFT
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Lattice EW field foundation

d(t,x) : Higgs field doublet defined on sites;

Ui (t, x) and Vi (t, x) : SU(2) and U(1) link fields, defined on the link between the

neighboring sites x and x +i , P®(t, x), Ui (t, x) and Vi (t, x) are defined at time steps t +
At t+2At, .. .;

Conjugate momentum fields: II(t+At/2, x), F (t+At/2, x) and E(t+ At/2, x), are defined
at time steps t + At/2, t + 3At/2.

. 1 o i

Ui(t,z) = exp ( - %gA:w“W,“) D;® = A (Ui(t, z)Vi(t, z)®(t, z + 1) — B(t, z)]
1

. - — 2ol z '+ At.z) — 2)].
Uo(t, z) = exp ( — 5gAto" W) Do® = - [Uo(t, z)Vo(t, 2)®(t + At, z) — B(t, )]
Vi(t,z) = exp ( - igA:cBi) ®(t + At,z) =®(t,z) + AtII(t + At/2,z)

2 Vi(t+ At,z) = lg'AIAtE,'(t + At/2,z)Vi(t, z)
Vo(t,z) = exp ( - ngtBo). p)

? Ui(t + At, z) =gAzAtF;(t + At/2,z2)U;(t, ),

Temporal gauge leapfrog

Uo(t,x)=12, Vo (t, x) =1
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Bubble with sphaleron
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Field basis

D2 =D;D;® — 2X\(|®)* —n?)® — 3(dT®)2D /A2,
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CS number and the magnetic helicity

Without sphaleron, the CS number oscillates
around zero throughout the PT process.

/d":rA-B

1
V.

B + L anomaly: ANB =3 ANCS~3;

Magnetic helicity and NCS: [H|~18ANCS~

6ANB.
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MF versus Sphaleron
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MF versus Sphaleron
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MF helicity evolution
with PT proceeding

4’=M (i;r.+y)
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Cosmic-ray and gamma
ray observations can tell
the helicity of the MF

Di, Wang, Bian*, Cai*, Liu*, 2107.08978



Summary and future

Observation of the cosmic Magnetic field seeded by phase transition
with GW production may hint the B+L violation

Interaction between bubble wall and Plasma, and interaction among
different bubbles are important for Baryogenesis during PT

Higgs Potential shape

1) The future collider prospect, with dihiggs, Zh and/or Zhh production
2) Thin wall or thick wall tell by gravitational wave, wall profile and GW
spectrum

Thanks
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CPV and EDMs
_smiT Time
"EDM ' EDM
nige ' Spin

Figure 1-1. The interaction of an elementary particle EDM with an electric field violates time-reversal
symmetry. When time is reversed, the spin is reversed, and so is the elementary particle EDM. The EDM
of a classical system that corresponds to a spatial charge separation (denoted by “EDM” in the figure) does
not reverse, Thus, the classical EDM interaction in a time-reversed world looks the same as in the original
world, while the elementary particle EDM interaction does not.

Table 1-1. Upper limits on EDMs in three different categories. Note that the limit on the electron EDM
from the ThO molecule assumes that only the EDM of the electron would contribute to a signal. In a model
independent analysis, the ThQO limit constrains a linear combination of the electron EDM and a CP-violating
semileptonic interaction (see, e.g., Ref. [3]).

Category | EDM Limit (e-cm) Experiment Standard Model value (e-cm)
Electron 8.7 x 10~%° ThO molecules in a beam [12] 1038
Neutron 2.9 x 10726 Ultracold neutrons in a bottle [11] 1031
Nucleus 3.1 x 10% 199Hg atoms in a vapor cell [13] 10~33
dug/e| < 7.4 x 107*%cm (red) B. Graner, et al, Phys. Rev. Lett. 116, no. 16, 161601 (2016)

The future Ra225 would improve the EDM measurements by 2 ~3 orders of magnitudes,
10/-28.
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